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Project Presentation

A 2000 MW - 65 km underground cable — DC link connecting Baixas
(near Perpignan, France) and Santa Llogaia (near Figueras, Spain)
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Key Features

France Spain HVDC Link

Rated power: 2*1000 MW
DC voltage: +£320 kV for each 1000MW link

Reactive Power Control: +/- 300 MVAR for
each 1000MW Converter Stations

Converter Contractor : Siemens

Connected in a meshed AC network
DC cable length: 64 km

Cable Contractor: Prysmian
8 km dedicated Tunnel

Commisioning date: 1st half 2014
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Modular Multilevel Converter (MMC) has become a highly attractive topology
for medium and high voltage applications. It is a new type of multilevel voltage

source converter (VSC).

Advantages of the MMC over the classical VSC types : NPC, multilevel FC etc.

- Low frequency modulation

- Lower transient peak voltages on IGBT -> Less losses
- Very low THD -> no need for High-pass Filters
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Fig. 10: Efficiency of the 2level and M2C (cos ¢ = 0.88)
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Overview of the HVDC VSC-MMC system

400kV
50Hz

400/320 kV

1,000MVA
Z=10%

Yg/A

MMC-1 Rectifier

64 km DC Cable

MMC-2 Inverter
50mH 401 Levels

NW__|

320/400 kv
1,000MVA
Z=10%

401 Levels 50mH  Wideband Model
1,000 MW
50mH 320 kV
VW
A |_R

Control system:

-PLL

- Clark Transformations

- P/Q Control (Outer control)
- Inner Control

- NLC modulation

- Capacitor Balancing Control

O—®

ANYG  a00kv
50Hz

Control system:

-PLL

- Clark Transformations

- Vdc/Q Control (Outer Control)
- Inner Control

- NLC modulation

- Capacitor Balancing Control
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Overview of the MMC topology
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Example: Suppose we have a MMC-9levels

A

A

31T

Vlow_a

4

A

Vup a - (Sup_ai .chp_ai)
i=1
V V
Va - _Vup a + = VIow_a + R
2 2
Va 4
+Vy. 12

Vo /2
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The Outer/Inner controls are similar to the standard VSC-HVDC systems

Outer control:
*Active and Reactive power are controlled at the rectifier side
*DC voltage and Reactive Power are controlled at the inverter side

V. b
T PLL
Vabc’ Iabc abc
_.. d-q




Different modulation techniques exists: .
For MMC with very high levels, the NLC modulation is very appropriate,
keeping a low switching frequency and very accurate waveform

NLC modulation (Nearest Level Control):

Pre-calculation of angles :

k
0 o1y = arcsin (Vj

(M = Y ) >| Voltage transformation of the |
1 1 &=y Ir I
voltage waveform in degree V) S—— !
1 [ 1
= arcsin(vac, ! L '
______________________________ § = arcsin(Vac) SRV I . |
V /2“ : 91 9456 90 Hjjj_rH_H (p(o) E
d _____ 1
¢ Pour : g(k—l),k < P, = 9k,(k+1) X i
1

_____________________________

»Select number of level Modulated voltage

Reference voltage
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Balancing Control Algorithm (BCA)

Objective: keep the different capacitor voltages of each SM near the average
nominal value

Determine the number of

Modulated required sub-modules in
voltage —> the upper arm (n,,) and

lower arm (71,,,) :
Ny + Ny, = 800

(VCupllVCIowl) —>

(VCupZIVCIowz) E—

(VCup4OOIVCIow400) —>

Sort upper
and lower
arms voltage

capacitor

A 4

(iup ! iIow)

A 4

i (iyps o) > 0

Select (n,, , Ny,,) Sub-modules with
the lowest values of (V,, , Viion)
i (lyps o) < 0

Select (n,, , Ny,,) Sub-modules with

the highest values of (V. , V)

Set the switching functions of the
selected sub-modules to one, i.e. (S,,,
Slow) =1

Gating signal
generator for IGBT
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MMC-based HVDC 401 levels
system in EMTP-RV
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Total IGBT/diode in the system:
2(IGBT/SM)*400(SM/arms)*2(arms/phase)*3(phases)*(converters)
= 9 500 IGBTs with antiparallel diodes
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Simulation results :

For t=2 s:

-> Run time for simplified model=

30min 10s

-> Run time for detailed model= 3h 20min

Inverter Side

Wo_ i@ ontrol = o _inm

@ ontrol =Vo_inv2 @control =—%o_inv3@cantrol
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Rectifier Side

= Pmeas_r@control = Qmeas_r@contral =Wo_recti®oontral =" _rect! @control = e _rect? @cantrol
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V ph-t (p.u.)
o

10SM/demi-bras

100SM/demi-bras
456SM/demi-bras
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0.8
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0.8005 0.
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801 0.8015
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22 synchronous machine

HVDC VSC-MMC
system
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LF_initialization_rectifier

Special LF initialization
tool for HYDC

MMC

HVDC

MMC

0.00/ 0.0 ( E )
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P/Q/V control
Capa. Control

T

P/Q/V control
Capa. Control

LF_initialization_inverter
Special LF initialization

Qond
Pond

tool for HYDC
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PQ EﬂpZ
PQmM2
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